IN reactions involving reduction of triphenyltetrazolium chloride (TTC) and catalysis of the decomposition of azide (Neish, 1954a(Neish, , 1954b, sera from tumourbearing rats showed diminished activities as compared with normal rat sera. While these declines could be correlated closely with tumour size, the range of values for normal sera was such that abnormally low cancer serum levels were not encountered until the tumours occupied about 15 per cent of the total body weight. However, when cancer and normal sera were employed for the reduction of TTC (Neish, 1954a) a difference in colour reaction, often observed between the groups, was sometimes evident even with sera from cancer rats whose tumours were as small as 1 per cent. It was suspected that the type of colour obtained was due in some measure to colloidal effects involving the protein composition of the serum and it became of interest to investigate possible changes in rat serum protein levels particularly during the early stages of tumour growth.
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A simple preliminary approach to this problem, which should be amenable to statistical study, was suggested by the work of Abderhalden and Weil (1912) who found that the optical rotation values of sera from cancer patients were lower than those for normal persons. Since serum optical rotation (SOR) is due mainly to the protein components Abderhalden and Weil's results indicated the association of hypoproteinaemia with cancer.
Sera from cancer and normal rats have now been examined polarimetrically and it has been found that tumours of 1 per cent or less may produce an appreciable diminution in optical rotation of the host's serum. A highly significant linear relationship between this decrease in rotation and increase in tumour percentage has been demonstrated.
The rats chosen for comparative studies were 70 to 120 days of age. This restriction was applied because Hatai (1918) and Swanson and Smith (1932) had shown that rat serum protein levels were not independent of age and because in the present work it was observed that SOR is also dependent on the age of the rat. A strong positive correlation was found between SOR and total body weight (TBW) and there is some evidence for a sex difference in that normal female rats tend to exhibit higher SOR values than males of corresponding weight. Some information has been obtained concerning changes in SOR during pregnancy.
MATERIALS AND METHODS

Animals
Albino rats (70-120 days old, unless otherwise stated) were inoculated subcutaneously in the right flank with dibenzanthracene-induced rat sarcoma mince (041 ml.). This rat tumour, Rd/3 (mistakenly referred to as Rb/3 in previous publications; Neish, 1954a Neish, , 1954b was obtained from Sheffield University Field Laboratories, where it has been maintained by transplantation since its initiation in 1935.
Inoculated animals and normal controls, which received water and Diet No. 1 (supplied by McGregor & Co., Quayside Mills, Leith) ad libitum, were weighed daily and were kept until the transplants had attained a suitable size. Some tumours grew slowly or tended to regress, but no account has been taken of tumour age in the present analysis. Several tumors (excluded from the analysis) were contaminated with Salmonella enteritidis and the effects of these on SOR will be mentioned later.
Usually rats were sacrificed in groups of 3 together with the same number of controls and most of the experiments were carried out at the same time of day (early afternoon) to ensure as far as possible uniform dietary conditions.
Sera
Rats, under ether anaesthesia, were killed by severing the aorta, chest blood was collected, allowed to clot at room temperature, centrifuged for 10 minutes at 2000 r.p.m. and the separated serum stored at 00 C. in cork-stoppered tubes. The optical rotation of fresh serum did not differ significantly from that of the same serum stored for 24 hours at 00 C.
For some studies, blood samples ( 1 ml.) were obtained by venesection of the rat's tail, the animal being under light ether anaesthesia. Serum from tail blood always gave slightly higher SOR values than chest blood serum. In 13 experiments in which tail blood was collected just before chest bleeding the differences in SOR ranged from 0.007°to 0-028°with mean value 0.0160, which is somewhat higher than the highest range, 0-0130, observed in the precision experiment described in the next section.
Tumours were dissected out and weighed and tumour percentage was calculated thus: tumour weight (g.)
x 100 total body wt. (g.)
Polarimetry
Serum was brought to room temperature and 2 x 041 ml. samples (blood pipette) were pipetted into a test tube. Hydrochloric acid solution (0-1 N; 2 ml.) was added to the serum and the contents mixed with a Pasteur pipette and transferred to a polarimeter tube (1 dcm.; capacity 1b25 ml.). The angular rotation (oc) of the solution was measured (mean of 20 observations, 10 on each side of zero) with a Hilger Standard Polarimeter Mk. 11 A (sodium light; room temperature 18-22°C.), the value of oc being obtained with reference to a blank consisting of 0.1 N-HCI. Each serum solution showed laevo rotation.
Serum-HCl solutions could be kept for several days at room temperature without any significant change in rotation values occurring in this time.
The precision of polarimetric measurement was checked with 4 serum samples (3 observations each) and the difference between highest and lowest ac values in each set did not exceed 0.0130. Frequently cancer serum solutions were opalescent, due to the lipaemic natureof many of the sera (cf. Neish, 1954b ), but at the dilutions employed for polarimetry readings could be made without difficulty. Only a few normal sera were faintly opalescent.
RESULTS
Serum optical rotation as a function of the age of normal rats
From results for tail bleeding experiments given in Table I it is seen that the optical activity of rat serum increases with age up to 90 days. At about 100 days. there is the suggestion of a slight decline in SOR which may be related to effects. already noted by Hatai (1918) and Swanson and Smith (1932) in rats of this age (onset of puberty?). Thereafter SOR values for females increase markedly, whilethose for males also increase but to a lesser extent. According to Hatai (1918) V/ 1 -t is 0-843, a value which falls below the 5 per cent probability level. Hence the correlation is not significant as was to be expected from the homogeneous nature rotation (100 oc). 0 male rats; 0 female rats; * 9 rats in the cancer control group. The regression lines were plotted from the equations given in Table II for Group Ia (r = + 0-495) of the sample with respect to age. Further information about this group is contained in the histogram (Fig. 3) .
(b) All normal rats. Correlation analyses of TBW and SOR were made. Since the trend of the points in Fig. 1 indicates curvilinear rather than linear relationships, correlations were also made of the logarithms (to base 10) of TBW and 100a. In view of the marked tendency for female rat SOR values to exceed male rat -values the sexes were analysed separately as above. Correlation coefficients together with tests of significance and regression equations are given in Table II. Despite the sex difference trend seen in Fig. 1 the difference between the mean SOR values for male and female groups was less than twice the standard error -of the difference of the means and was therefore not significant. However, the difference in the mean TBW'S for the groups was four times the standard error of the difference of the means. It is thought that the uneven weight distribution in the sexes obscures the sex difference in SOR.
The significance of the difference between the correlation coefficients (Table II) for male and female groups was tested by the z transformation (Chambers, 1952) and it was found that the difference between the z's was not significant. On correlating tumour weight with 100a a smaller negative coefficient, namely, r = -0-84 was obtained. Here t was 10-173 (exceeds 0-1 per cent probability level) and the result is highly significant.
When total body weight of tumour animals was correlated with 100Ic, a low positive coefficient, r = + 0018 was found (t = 0-121) which was not significant. From the histograms of Fig. 3 it will be noted that of 8 tumours whose SOR values overlap the normal histogram only one is greater than 1 per cent. The others are less than 0.5 per cent. Outside the normal range are 7 tumours smaller than 1 per cent. and of these 3 are less than 0 5 per cent.
Tail bleeding experiments with normal, pregnant and tumour rats Examination of sera collected from normal adult female rats at intervals of not less than 4 days revealed that considerable fluctuations in SOR can occur. However the lowest values in any series have always been within the normal range for adult rats. Perhaps changes in total blood volume are responsible for the variations.
During pregnancy SOR tends to rise, drops sharply just before parturition and thereafter returns to niormal. In the following example SOR and TBW (g.) at the time of tail bleeding are given in brackets. Salmonella enteritidis infections of some Rd/3 tunours Reference has already been made to the appearance of S. enteritidis in some Rd/3 tumours (Neish, 1955) * and, in the present work, several tumours which were growing slowly or regressing were found to contain this organism. One of the " tumours " (0 5 per cent) appeared to consist entirely of pus from which only S. enteritidis could be isolated. The host gave a normal SOR value (-0.405°). In another tumour (0.7 per cent), which consisted of a cluster of nodules, only one of the nodules contained the organism and the host's SOR was abnormal ( 0.364°).
Possibly some of the rats are carriers of silent S. enteritidis which becomes activated after Rd/3 inoculation. It would appear, however, that apart from the apparent adverse effect of S. enteritidis on tumour growth, the presence of the organism has little influence on SOR.
It is of interest that two human cancer cases have been recorded with salmonella abscesses in the tumours, one by Gray (1936; S. suipestifer in myoma) and the other by Giel (1954; S. typhimurium in pheochromocytoma).
DISCUSSION
Rd/3 tumours as small as 0-5 to 1 per cent can cause a marked diminution in the host's serum optical rotation. As an indicator of tumour growth the SOR procedure seems to be more sensitive than e.g. Warburg and Christian's (1943) plasma aldolase study in which abnormally high aldolase levels appeared only when the Jensen sarcoma occupied 2-5 per cent of the rats' total body weight. Again in the study of El Mehairy (1950) acids, proteoses and other materials in equilibrium with the proteins) effects due to the age of the serum donor may have to be taken into account. While the magnitude of the drop in SOR during pregnaDcy may be as great as that observed during tumour growth the SOR level increases to such an extent before parturition that the lowest SOR level finally attained is still within the normal range. No such elevation in SOR has ever been noted during tumour development.
Although it is probable that hypoalbuminaemia (cf. Winzler, 1953) may be the main factor for the drop in SOR during tumour growth, the possibility of contributions from " pathological " proteins with lower optical rotations than normal (Jirgensons, 1955 ) cannot be excluded. Changes in blood volume may also play some part. With these points in mind a more detailed investigation is being undertaken.
SUMMARY
The optical rotation of rat serum has been shown to be dependent on the age (and weight) of the animal.
During the development of Rd/3 tumour, the optical rotation of the host's serum declines markedly.
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